Abstract. Floods are the natural hazards that produce the highest number of casualties and material damage in the Western Mediterranean. An improvement in flood risk assessment and study of a possible increase in flooding occurrence are therefore needed. To carry out these tasks it is important to have at our disposal extensive knowledge on historical floods and to find an efficient way to manage this geographical data. In this paper we present a complete flood database spanning the 20th century for the whole of Catalonia (NE Spain), which includes documentary information (affected areas and damage) and instrumental information (meteorological and hydrological records). This geodatabase, named Inungama, has been implemented on a GIS (Geographical Information System) in order to display all the information within a given geographical scenario, as well as to carry out an analysis thereof using queries, overlays and calculus. Following a description of the type and amount of information stored in the database and the structure of the information system, the first applications of Inungama are presented. The geographical distribution of floods shows the localities which are more likely to be flooded, confirming that the most affected municipalities are the most densely populated ones in coastal areas. Regarding the existence of an increase in flooding occurrence, a temporal analysis has been carried out, showing a steady increase over the last 30 years.
Introduction
Floods are the major cause of loss of human lives and property damage in Catalonia (Llasat, 2004) . Between 1950 and 1990 , there were a total of 1400 deaths in Catalonia and material damage amounting to over C301 000 000 per year (Dolz, 1993; Berga, 1995) . One of the last catastrophic Correspondence to: M. Barnolas (barnolas@am.ub.es) events was the 10 June 2000 Montserrat event. That episode caused material damage estimated over C65 000 000 and five casualties . The geographical characteristics of Catalonia, its precipitation regime and the population distribution (concentrated in coastal and plain areas) contribute to make floods the most important natural hazard in this region.
Catalonia has a surface area of 31 930 km 2 and it is located in the Northeast part of the Iberian Peninsula. To the East it borders on the Mediterranean Sea, to the North, on the Pyrenees, and to the West, on the Ebro river valley (Fig. 1) . The most relevant topographic features are the Pyrenees, which rise to over 3000 m, the Littoral range and the Pre-littoral system, both located parallel to the coast, reaching higher than 700 m and 1700 m respectively. The hydrographical network covers the tributary waters of the Ebro basin and the Internal Basins of Catalonia (IBC), which include rivers that rise in Catalonia and flow into the Mediterranean Sea. The proximity to the Mediterranean Sea and its complex orography plays an important role in rainfall and flood production.
Its precipitation regime is characterised by a bi-modal yearly distribution, with one main maximum in autumn and a secondary peak in spring. However, high rainfall precipitation produced by convective events shows only one peak centered between the end of summer and autumn (Llasat, 2001) . Consequently, floods in Catalonia could be associated with different kinds of precipitation systems. In the light of their duration, rainfall intensity, accumulated precipitation and damage, floods arising in Catalonia can be classified as follows (Barrera et al., 2006) : Type 1. Very convective rainfall events: episodes of very short duration (less than 6 h) but very high rainfall intensity. The local amount of rainfall is nevertheless not usually very high. They produce flash floods and local damage. Their associated floods are usually ordinary or extraordinary, following the classification shown in Llasat et al. (2005) . Type 2. Very convective and moderate rainfall events: episodes of short duration (between 6 and 72 h) with heavy rain sustained for several hours with large amounts of total precipitation (200-500 mm). In the light of their duration and size of catchments, they can produce catastrophic flash floods.
Type 3. Episodes of long duration (approximately 1 week) with weak pluviometric intensity values, with possible peaks of high intensity. Accumulated rainfall can be over 200 mm and usually ordinary or extraordinary floods arise.
Assuming that natural events will occur in the future in similar circumstances as those that led to past events, a valuable aid to the study of this natural hazard lies in knowledge of historical events and the development of accurate databases. Data compilation related to past flood events has been the subject of several studies in various points of Spain. Some of these studies focus on documentary information (Comisión Nacional de Protección Civil, 1983 , 1985 Barriendos and Martin-Vide, 1998; Barrera et al., 2006) . Reconstruction of flood events from documentary sources has also been carried out in other regions throughout Europe (Brázdil et al., 1999; Naulet et al., 2001; Glaser et al., 2003) . The AVI archive stores historical information on landslides and floods all over Italy, for the 20th century (Guzzetti et al., 1994) . A regional development of the AVI project has been performed through construction of the ASICal database (Petrucci and Versace, 2000) . This database contains information on landslides and floods spanning from the year 1100 to the year 2000, for the Italian region of Calabria. This information has been obtained from the AVI archive and other documentary sources. Other works, such as the palaeoflood database for the Tagus basin , are also focused on palaeoflood records (Diez-Herrero et al., 1998; Benito et al., 2004) .
The use of Geographical Information Systems (GIS) to store and manage geographical data is widespread in environmental sciences. In Spain palaeoflood and documentary flood data generated within the EU funded SPHERE project was organised into a relational database and implemented on a GIS (Casas et al., 2003) . The large amount of data stored in the AVI archive has been implemented in the SICI information system. This information system on hydrological and geomorphological catastrophes is the largest repository of historical information on landslides and floods in Italy (Guzzetti and Tonelli, 2004) . Historical records from the AVI archive and GIS techniques are also used in flood risk analysis in the Salento region (Forte et al., 2005) .
The spatial distribution of the different kind of floods is neither homogeneous in the region, nor stationary over time. In order to investigate these geographical and time distributions and taking into account the previous considerations, a complete database that covers all the information available for the 20th century all over Catalonia has been generated. The database includes information on affected areas and damage, generally provided by documentary sources, and instrumental information (meteorological and hydrological records). Meteorological information is included, as it can be useful to study the meteorological situations that have led to floods. It is very important to find an efficient way to manage this information. To achieve this purpose, data were organised into a relational database so that it could be implemented on a GIS. From the implementation of the geodatabase on a GIS, the new information system Inungama has been obtained. This information system provides an effective way of displaying all the information within a geographical scenario, and is a useful tool to carry out analysis thereof.
The work presented in this paper is structured as follows: first of all, in Sect. 2 (Methodology), the information sources are described and compared with each other. Then, the type of information available for each flood event is described, followed by a description of the structure of the geodatabase. Next comes a section titled "Climatological analyses using GIS" (Sect. 3), where different climatological analyses are provided. These have been obtained as a result of application of the information system and thanks to extension of the period of study. Finally, Sect. 4 (Summary) contains a summary of the results obtained and gives some concluding remarks. 
Methodology

Type of information and sources consulted
A total of 217 flood events have been identified and reconstructed for the period 1901-2000, by means of a systematic analysis of a wide variety of published and unpublished sources. The main sources consulted to collect the information were: preceding data compilations relating to specific localities or regions, as well as scientific papers and reports, available technical notes, newspapers and instrumental information. Results from previous projects such as SPHERE (European Union), among others, have been also taken into account. All this information has been contrasted with the various sources in order to ensure its veracity. The various sources consulted provided information of varying quality and amounts. Regarding the number of events, preceding data compilations and newspapers are the sources that make most information available (Fig. 2) . On the other hand, scientific papers only supply information for a limited number of events. Regarding the kind of information, scientific papers provide a lot of information on the meteorological characteristics of the event and high quality data. On the other hand they do not usually show information on the damage produced by floods. This kind of information is available in newspapers and reports from insurance companies. Another factor of note is that newspapers emphasise events that have occurred in urban areas, and their impact depends on other headline news of the day. The existence of a large variety of sources of information for some of the events implies having conflicting information in some cases. One of the reasons why contradictory information is found is the lack of metadata. For example, in some cases, accumulated rainfall values for a specific day and station differ from one source to another because they had been recorded over different time spells without this being specified. Significant work was involved in checking and validating all the information in order to have an accurate database. To update the inventory, some of the documentary sources particularly useful were as follows: scientific papers on specific events (e.g. Llasat and Rodriguez, 1992; Ramis et al., 1994 Ramis et al., , 1995 Rigo and Llasat, 2000, 2005; Rigo et al., 2001; Llasat et al., 2003) , historical catalogues of floods compiled for specific geographical areas (e.g. Comisión Nacional de Protección Civil, 1983 Civil, , 1985 Barriendos and Pomés, 1993) , available technical notes (e.g. Novoa, 1981; Aran et al., 1999) , doctoral theses (e.g. Llasat, 1987; Barriendos 1994; Rigo, 2004) , and the results obtained in the SPHERE project.
The type of information collected can be organised into four groups: general information, which comprises affected area, data related to damage (agriculture, housing, industrial and infrastructures) and casualties; meteorological information (accumulated rainfall and rain intensity), hydrological information (stream flow and water level high) and the references consulted (Fig. 3 ).
Structure of the database
This large amount of available data is very useful if it is properly organised. In order to find an effective way to manage this information it was organised into a relational database in ACCESS normalized until the third normal form (Barnolas, 2004; Barnolas and Llasat, 2005) . The database was structured bearing in mind the kind of available data and the applications required. Taking into account the possibility of acquiring additional information and finding new research results, the structure was designed so that it could be updated easily.
This geodatabase contains a main table called "Events" which includes the initial and final date of the meteorological event and a key field (Fig. 4 ). In addition, there are seven complementary tables containing the main information General information includes everything relating to damage and casualties for each event and geographical unit.
The geographical units taken into account are municipalities, counties and basins. Each row of the Affected Municipalities, Affected Counties and Affected Basins tables implies that one of these geographical units has been flooded in an event. Damage to agriculture, houses, industry and infrastructures are known for municipalities, so these fields are included in the Affected Municipalities table. Casualties are known for each flood event and geographical unit, so this field is included in the three tables. Each one of these tables is annexed to another one by an index that links each geographical unit to its name. For example, in the table Affected Municipalities, the occurrence of a flood in a municipality is indicated by the identification index of that municipality. In this way the name of the geographical unit appears only once in the table that defines each index. Numerical characters are useful in order to avoid possible errors typical from text characters, as in the different use of capital letters or otherwise.
Meteorological data available for each day of the event, mainly accumulated rainfall in 24 h, and rainfall intensity, are included in two tables depending on the kind of raingauge (automatic or manual): MPluvio and APluvio. Available rainfall data are at daily resolution until 1996 (recorded in manual stations of the Instituto Nacional de Meteorología, INM, Spanish National Weather Service), while since 1996 they are 5-minutal (recorded in automatic stations of the Automatic System of Hydrological Information-SAIH). The fields included in these tables are the Events key field (in order to relate the table with the Events table), the accumulated rainfall value (P 24 h), the date on which it was recorded, and the identification index of the station where this value was recorded (saihCICID and IND INM). Each one of these tables is annexed to another table that identifies each station (Automatic stations and Manual stations). Some of the fields included to identify each station are: its name, the municipality or basin where it is located, its geographic coordinates, and some observations that can be useful if there is more than one station in the same municipality.
Hydrological data is included in the Hydro table. It contains information about the stream flow and water level values for each event and measurement station. The fields included in this table are: mean discharge of the day, maximum discharge value, the hour this value was recorded, water level and the hour this value was measured, and the identification index of the measurement station where these values were recorded. As the other tables explained above, this table is annexed to another one that identifies each measurement station (Streamflow stations). The fields included to identify each station are: the location of the station, its geographical coordinates, and the river where it is located. As some stations are located on the same river, an identification index (RiverID) is used once again in order to avoid problems with text characters. This index serves to link the Hydro table with the Rivers Catalonia table, which shows the name of the river related to its index.
Finally, the information concerning the bibliographical references consulted is found in three tables (Bibliographic Ref, Type Doc, and Source) .
Bibliographic Ref contains the main information of the references consulted: the author, other authors, the title of the document, the year it was published, the volume and pages, the place of publication, the name of the editors, etc. Some of these fields are used in a different way depending on the type of document specified. Type Doc is used to distinguish the type of document (book, book chapter, article, report or newspaper). Source is a support table used to avoid many-to-many relationships.
This relational geodatabase has been integrated into a GIS where spatial data is represented by a raster cover of a digital elevation model and vectorial covers for municipalities, counties, catchments, meteorological stations, and stream flow measure stations. These covers are linked with their related tables by a unique code. For example the table Apluvio is related with the cover of Automatic stations by the code saihCICID.
Climatological analyses using GIS
The historical information stored in this geodatabase is used for a large variety of applications. The tool developed, Inungama, allows the carrying out of spatial and temporal analysis of quantitative parameters of flood events by using simple queries, overlays and calculus. In this paper some examples for each case are shown. For the spatial analysis, a geographical distribution of floods in Catalonia has been undertaken. Regarding the temporal analysis, the seasonal distribution of floods is shown, and the existence of a possible increase in the number of floods in recent years, is studied. Furthermore, it is possible to obtain and visualise all the information related with an event, such as the area affected by floods or the availability of data. Since it is possible to interpolate accumulated rainfall data and to overlay other meteorological fields (radar data and MM5 meteorological model outputs), this GIS has been used as a complementary tool in the study of meteorological episodes.
Monthly distribution of floods
The catalogue of 217 events reports the exact date or period, in the case of events that lasted more than one day, for all the events listed. This information has made it possible to plot a monthly distribution histogram of floods in the 20th century. This distribution (Fig. 5) shows that most of the events take place in autumn. Although floods are a complex hydrometeorological hazard they are usually a direct effect of precipitation. The maximum in the occurrence of floods in autumn coincides with the months with largest precipitation amounts (Llasat and Puigcerver, 1997; Lana and Burgueño, 2000) in the region. The largest number of floods occurs in October (52); followed by September (44) and August (33). It is important to note that there is no month without flooding occurrence.
Fall season floods are mainly identified with convective episodes of heavy rain sustained for several hours (type 2). These kind of convective events are frequent in fall because the Mediterranean Sea, after the high solar radiation received during the summer season, is warm enough to ensure considerable moisture and instability at low atmospheric levels. Other main factors necessary to produce these convective situations are convective instability, and a lifting mechanism (as orography or convergence lines) which permits the low-level parcels to attain the free convection level. Convective instability is triggered when the meteorological synoptic situation is favourable to produce an inflow of warm and moist air mass over Catalonia at low levels that can sometimes combine with an entry of cold upper-level Atlantic disturbances. Continuous supply of moisture at low levels towards the convective areas is required to sustain the convection and to produce large rainfall amounts. Some examples of these events are the floods of 20-23 September 1971 (Llasat et al., 2007) or the event of 6-8 November 1982 (Llasat, 1991) , in which more than 400 mm and 500 mm, respectively, accumulated at some stations.
More local convective situations lasting less than 6 h (episodes of type 1) mainly arise during summer and at the beginning of autumn. This kind of events requires considerable local atmospheric instability, and is usually produced by "isolated cells" or "multicells" of limited horizontal extension (Rigo and Llasat, 2004) . The flash flood of 28 August 1998 is an example of this type of episode .
Events producing floods in winter are usually episodes of long duration associated with frontal disturbances (type 3). They are slightly convective events usually associated with convection embedded in stratiform rainfall. Although these events are not very frequent, there have been some cases in the 20th century, one of them being the event of 21-30 January 1996, where more than 200 mm were recorded . Use of the geographical information system makes it possible to combine information on the monthly occurrence of the events with their geographical location, so that the regional variation of the monthly distribution of floods in Catalonia can be investigated. In this way monthly number of floods in the Pyrenees region, the littoral region and the inland region of Catalonia are studied separately, as can be seen in Fig. 6 .
The Pyrenees represent 46% of the extension of Catalonia, but only 5% of the population lives there (Fig. 6a) . Of the total amount of 217 events that arose in Catalonia in the period of study, a county of the Pyrenees was affected only in 28 occasions. Despite the number of events not being very high, it is important to remark that floods are distributed over all the months of the year, except February. These counties are then affected by episodes of all three types, with fall season having the most important episodes. In spring, melting of snow around the river springs in the mountains can help to overflow banks of rivers when it is accompanied by heavy rainfall. This fact can be noticed in the monthly distribution of floods in the Pyrenees and the interior region (where the rivers have tributaries from the Pyrenees region), both having a relative maximum in April. The November 1982 flood mainly affected this region.
In 94% of the events arising in Catalonia in the last century at least one county of the littoral region was affected (Fig. 6b) . On the other hand, only in 10% of the cases was a county of the interior region affected (Fig. 6c) . The littoral region presents no month without flooding occurrence, being vulnerable to episodes of all the three types, although events of type 1 are the most frequent. This area has plenty of small basins with a quick response to precipitation; therefore it can be affected by flash floods when rainfall intensity is high, in spite of not having very high total amount records. These kind of events arise in summer and at the beginning of autumn, where the maximum of the distribution is found, as can be observed in Fig. 6b . The fact that these basins are also densely populated makes them more vulnerable to floods. Two examples of floods that affected this region were the event recorded between 2-5 October 1987 (Ramis et al., 1994) , that was of type 2, and another recorded on 21 September 1995 (Barrera et al., 2006) , that was of type 1. The September 1971 flood also affected this region. On the other hand, inland counties of Catalonia are located in bigger basins in which higher amounts of precipitation are needed to produce overflowing. Besides this, they are located in a plain region, where orographic factors do not have a direct influence. In this case there are several months without flooding occurrence in winter, spring and summer. These counties are mostly affected by episodes of type 3 and sometimes, by ones of type 2. As examples, the events of January 1996 and November 1982 affected this region.
Geographical distribution of floods in Catalonia
Inungama has permitted mapping of how many times each municipality, county, or basin has been affected by floods in the 20th century. The catalogue of 217 events contains episodes that have lasted a few hours and others that have continued for more than two days. Some of these events may have produced floods in different localities of the study region. In this paper the municipality distribution of floods is outlined (Fig. 7) . Of the total number of 946 municipalities within Catalonia, more than 200 have been affected at least once by flood. Most of these municipalities have been inundated only once, but in the littoral region 22 municipalities have been flooded more than 10 times. In this respect Mataró, in the Maresme basin (Fig. 8a) , might be highlighted, since 61 events have occurred there in the last 100 years. The Maresme is the most affected basin (131 events in the last century), with 11 municipalities affected more than 10 times. This basin is usually affected by local flash floods as a result of type 1 episodes. This kind of events (intense precipitation over small catchments) give rise to road traffic cuts, loss of cars parked in the water courses and in some cases fatalities, as a consequence of the floods' suddenness. The inland region, which is within big catchments (Ebro basin), affected almost exclusively by events that usually cover a large territorial extension, as occurred on 6-8 November 1982, with floods not only in the Ebro basin but also in the Pyrenees. Exceptionally, flood events of type 3 enhanced by snowmelt affect the inland region. Figure 8a shows municipalities where there has been at least one casualty due to floods on the 20th century. It can be noticed that most of municipalities selected form part of regions with highest population density (Fig. 8b) , or are located in basins with short response times (the Maresme). Usually, these localities are also affected by convective episodes, as it has been shown before, being more vulnerable to flash floods. The greatest concentration of localities affected by floods is located over the Llobregat basin, partly due to the 25 September 1962 event . That event was the most catastrophic recorded in the period of study, with more than 815 deaths. It was an episode of type 2, that produced a flash flood in the Llobregat and the Besós rivers (Fig. 8a) , with a total rainfall of 212 mm recorded in less than 3 h, and a maximum intensity of 6 mm/ min.
Temporal evolution of flood events
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Year
floods. Figure 9a shows the temporal evolution of floods in the 20th century. An increase in the number of floods can be observed in recent years. Also notable is the existence of periods with a large number of floods every year (for example from 1986 to 1994) and other periods without a significant flooding occurrence (1944) (1945) (1946) (1947) (1948) (1949) (1950) (1951) . In order to find evidence of increased flood occurrence in Catalonia, a temporal analysis has been carried out. The initial analysis has been a yearly normalisation of the flood events series, smoothed afterwards by Gaussian low-pass filters (10 and 30 years). The methodology followed to test trends in flood frequency was accumulated slopes. It is based on calculating the slope of a straight line, firstly fitted to the first two pairs of values of the data series (time and frequency), secondly to the first three pairs of values, and so on until the end of the data series. Every step of this method is plotted (Fig. 9b) . To test the statistical significance of possible linear trend in the flood frequency evolution a Monte Carlo technique has been applied (Livezey and Chen, 1983; Kunkel et al., 1999; Liebmann et al., 2004) . This technique consists in the following steps: 1906 1911 1916 1921 1926 1931 1936 1941 1946 1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 1906 1911 1916 1921 1926 1931 1936 1941 1946 1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 1906 1911 1916 1921 1926 1931 1936 1941 1946 1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 Years Number of Floods ii) Generation of 10 000 random permutations of the original series.
iii) Calculation of the linear trends for each 10 000 generated series.
iv) Calculation of the 97.5 and 2.5 percentiles for the 10 000 calculated linear trends.
v) If the first linear trend calculated was higher than 97.5 percentile for positive trend or lower than 2.5 percentile for negative trend, then the obtained trend would be significant at 95%. 1906 1911 1916 1921 1926 1931 1936 1941 1946 1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 - 1906 1911 1916 1921 1926 1931 1936 1941 1946 1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 Years 1906 1911 1916 1921 1926 1931 1936 1941 1946 1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 Fig. 11. Accumulated slopes for flood frequency in the Pyrenees (a), the littoral (b), and the interior regions of Catalonia (c) . trend is statistically significant at 95% confidence level following the Monte Carlo procedure (Table 1) . Anyway, previous studies had demonstrated that there is no evidence of an increase of precipitation in the Northeast region of Spain (Barrera and Llasat, 2004) in recent years. So, in this way it is remarkable that the positive slope detected for the flood occurrence is not due to an increase of precipitation. This growth in the number of floods must be due to other factors.
Here, factors such as increased urbanisation in recent years, changes in geomorphological or hydrological river conditions or major information coverage could be responsible. The temporal evolution of floods has been analysed for the Pyrenees region, the littoral region and the inland region of Catalonia (Fig. 10 ) (see Fig. 6 for locations). Once again, it can be noticed that the littoral counties are the most affected by floods. It has been applied the same methodology explained to test trends. Figure 11 shows the evolution of the accumulated slopes for the floods in the three regions considered. Figure 11b illustrates a clear increase in the number of floods in the littoral in recent years. This curve has a positive slope of nearly 2 floods per century at the end of the series. The observed trend is statistically significant at 95% confidence level following the Monte Carlo procedure (Table 2 ). However the evolution for the other two regions does not show any appreciable increase. As mentioned in paragraphs above, there is a clear difference in behaviour between the littoral basins, smaller and close to the sea, and the interior or mountainous ones.
Summary
A complete flood database has been developed for the entire Catalan territory for the 20th century. This geodatabase has been created, as there had not been a previous systematic reconstruction of flood events that covered the entire region of Catalonia before. A total of 217 flood events have been identified, and examined, by analysis of a wide variety of sources. Significant efforts have also been made to check and validate all the information. 147 flood events in the IBC have been identified and reconstructed for the period 1900-1983; this represents three times the number of events identified for the same period in previous works focusing on the IBC (Comisión Nacional de Protección Civil, 1983). Besides its wide geographic coverage, this geodatabase also offers the advantage of containing updated information up to 2000. As one of the main objectives in this work is to find evidence of a possible increase in the number of floods in the region of study, it is very important to have the information updated at least until year 2000. Previous historical flood reconstructions in Catalonia, such as the compilation done by the National Civil Protection organisation for floods in the Ebro River valley (Comisión Nacional de Protección Civil, 1985) , or the reconstruction for the IBC contain information finishing before 1990.
In order to store, manage and analyse all the information available, a relational structure has been chosen. This geodatabase has been implemented on a GIS, giving rise to the information system called Inungama. The fact that this geodatabase has been implemented on a GIS is also an advantage in relation to preceding studies, as it is a more efficient way to store information and to analyse it. In this way it can be a helpful tool aimed to improving flood risk assessment in ad- As one of the major concerns nowadays is the existence of an increase in the number of floods, a trend test has been carried out. This test has shown a smooth increase in the frequency of floods, with a positive slope of 2 floods per century at the end of the series. Due to the fact that in previous studies it had been demonstrated that there was no evidence of rain increase in recent years in the region of study (Barrera et al., 2006) , this rise in the number of floods must be due to other factors. One of these factors is greater information coverage. In recent years we have more sources of information, including newspapers, showing some ordinary floods that in the past could have gone unnoticed. A second factor is the increase in urbanisation and population density, which makes people more vulnerable to floods. This fact causes damage and sometimes fatalities in places where a similar flood before would not have caused damage. Other factors involved in flooding increase are changes on geomorphological or hydrological river conditions. The possitive trend observed in the Littoral region is mainly associated with the increase of vulnerability as well as changes in the use of soil as a consequence of the urbanisation and new roads and highways. This increase is not observed in the Pyrenees and Inland regions where no similar changes have taken place. These results are coherent with those obtained in the framework of the SPHERE project, when a period of more than 400 years was analysed for some specific catchments Llasat et al., 2005) .
